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Stepwise evaluation of left to right shunts by
echocardiographyNeeraj Awasthy a, S. Radhakrishnan b,*
aAssociate Consultant, Department of Pediatric and Congenital Heart Diseases, Fortis Escorts Heart Institute, Delhi, India
bDirector, Department of Pediatric and Congenital Heart Diseases, Fortis Escorts Heart Institute, Delhi, IndiaEchocardiography has revolutionized the practice of pediatric
cardiology. The addition of Doppler and color flow mapping
also gives physiological information about flow and pressures
and enables the pediatric cardiologist to refer patients for
surgical treatment without cardiac catheterization, especially
in neonate and infants. In this communication echocardio-
graphic findings of common shunt lesions are discussed.Fig. 1 e 4 Chamber view showing prominent right atrium
and right ventricle. The image has been taken from a case
of 15-year-old child with large atrial septal defect.1. General features: shunt lesions
There are a few salient features of all the shunt lesions:
1) The shunt would lead to volume overloads of the cham-
bers it feeds (particularly in relation to the tricuspid
valves) e.g. while a shunt proximal to the tricuspid valve
would lead to volume overloading of the right atrium and
right ventricle and further (Fig. 1). A lesion beyond the
tricuspid valve would lead to the volume overloading of
the left atrium (LA) and left ventricle (LV).
2) The magnitude of the chamber enlargement depends
upon the magnitude of the shunt. Thus significant right
atrium (RA) and right ventricle (RV) enlargement would be
a feature of pretricuspid shunt, while a significant LA and
LV enlargement would be a feature of post-tricuspid
shunt.
3) The pressure of the investigated chamber would rise not
only on account of distal obstruction (obstruction of the
outflow of the chamber) or it would be because of the
transmitted pressures from the adjacent chambers on
account of the shunt.
- Increase in RV pressures may be because of distal pul-
monary stenosis, obstruction in branch pulmonary* Corresponding author. Tel.: þ91 (0) 9811962775.
E-mail addresses: n_awasthy@yahoo.com, n_awasthy@yahoomail
0019-4832/$ e see front matter Copyright ª 2013, Cardiological Societ
http://dx.doi.org/10.1016/j.ihj.2013.03.003arteries or obstruction in pulmonary vascular bed (as in
pulmonary arterial hypertension).
- Increase in pressures in RV and beyond may be seen in
large VSD, similarly a large PDAwould lead to significant
increase in PA pressures
4) The magnitude of the gradient from a chamber outflow
would be dependent on the magnitude of shunt into the
chamber.
- This may lead to exaggerated gradients even in hemo-
dynamically scuttle lesions viz. exaggerated pulmonary.com (N. Awasthy), samurai43@yahoo.com (S. Radhakrishnan).
y of India. All rights reserved.
Fig. 2 e Perimembranous defect shown with anterior tilt
from 4c view.
Fig. 3 e Echocardiographic imaging with continuous wave Dop
89 mmHg against systemic pressures of 100 mmHg. The PA pre
PDA gradient (89 mmHg) [ 11 mmHg. B shows the gradient ac
120 mmHg. By the observation the predicted RV pressures are
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(like ASD), exaggeratedmitral and aortic valve gradients
in associated post-tricuspid shunts like VSD1 or PDA in
absence of significant stenosis. For example gradients
upto 60 mmHg have been reported across pulmonary
valve in patients of atrial septal defect in absence of
pulmonary stenosis (Fig. 2).
5) The secondary manifestations of the shunt lesions may
themselves lead to exaggerated secondary effects e.g. the
mitral annular dilatation on account of post-tricuspid
shunt may lead to mitral regurgitation and this may
further lead to mitral valve dilatation and LV dilatation.
6) Since a shunt lesion almost always signifies a communi-
cation between 2 chamber the gradient between the 2
chambers can guide as to the magnitude of the shunt
lesion or the size of the defect (Fig. 3A and B).
7) The size of the defect in 2 dimensions may be a useful
guide in deciding the degree of shunt. It also is useful to
help the interventional modality
- The size of the VSD may be compared to the size of the
Aortic root for classifying the size of the VSD.
- The size of defects like ASD, coronary AV fistulae, VSD,
RSOV etc would help in deciding the size of the device
which may be used.pler gradient across the PDA, showing the PDA gradient of
ssures from the gradient is systemic pressures (100 mmHg)
ross the VSD of 98 mmHg against systemic pressures of
22 mmHg (100e98).
Fig. 4 e Transesophageal echocardiography showing the dimensions of ASD in various TEE planes. The view is obtained by
keeping the endoscope in the middle of the esophagus and rotating the icon four chamber view, A: (showing atrial and
atrioventricular valve rims), Basal short axis view, B: shows the atrial and aortic rims, basal long axis view, C: shows the
superior vena cava (SVC) and inferior vena cava (IVC) rims. For optimum device placement the rims should be adequate (at
least 5 mm) and supportive. The size of the ASD has to be seen in all the planes to decide the size of the ASD device. The
same (D) has to be viewed on color Doppler to ascertain the flow and the visualization of additional defect.
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teristics of the primary lesion, but also on the adjacent
structures of the defect e.g. distances from the adjoining
valvesFig. 5 e An interesting case of ALCAPA with masked manifestat
artery hypertension the flow in the anomalous coronary artery fr
2d echocardiography (B) becomes important in such cases demo
from pulmonary artery (PA).- VSD, it is important to note the distances from the aortic
valve when considering for device closure. It is also
important from the surgical point of view.ions. In view of associated large VSD leading to pulmonary
om the pulmonary artery on color flowwas normal (A). Thus
nstrating the origin of the left main coronary artery (LMCA)
Fig. 6 e An interesting case of coronary sinus type of ASD with mitral stenosis and unroofed ASD. The interesting case
demonstrated that because of associated large coronary sinus ASD (A), mitral gradients were underestimated on color
Doppler echocardiography (B) with mean gradient of 3 mmHg inspite of severe mitral stenosis (mitral valve area on
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Table 1 e Stepwise evaluation for ASD.
1) Initial indication is the volume overload of the chambers (RA
and RV) in 4c view
2) Visualize the defect from subcostal view (Sagittal and coronal)
3) Determine the site of defect: fossa ovalis or others (others being
not suitable for device)
4) Determine the direction of shunting of the defect
5) Look for the associated structures particularly pulmonary veins
and AV valves
6) Look for the pulmonary artery pressures: TR and PR gradients
7) Determine suitability for device closure
Table 2 e Stepwise evaluation for VSD.
1) Initial indication is the volume overload of the chambers (LA
and LV)
2) Visualize the defect from all possible windows to look for the
defect
3) Determine the presence of additional defects (screening the
septum e septal sweep in subcostal view, apical 4c view and
parasternal short and long axis sweep in color and 2d)
4) Determine the direction of shunting of the defect
5) Look for the associated structures particularly outflows
6) Look for the pulmonary artery pressures: VSD gradients, TR and
PR gradients
7) Determine the volume overload of chambers (Z scores of LV,
particularly in M mode)
8) Determine suitability for device closure
Table 3 e Stepwise evaluation for a PDA.
1) Visualize the ductus ostium and aortic isthmus from the para-
sternal short axis, high parasternal short axis and suprasternal
views
2) Determine the direction of shunt by color flow mapping and
Doppler
3) Take the peak velocity of the PDA signal which will give the
pressure difference between the aorta and pulmonary artery
and obtain the aortic, RVOT and PA velocities
4) Take the measurements of the left ventricle and left atrium as
these will reflect the volume of the left to right shunt
5) Specifically look for associated defects like coarctation of aorta
(suprasternal view), aortic interruption and aortopulmonary
window (communication between the ascending aorta and
pulmonary artery)
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but also the adjoining structures being encroached
upon, whenever contemplating a device closure
(Fig. 4AeD).
- For AP window, the distance from coronaries and valves
becomes important
- The post-tricuspid shunt is known to mask the mani-
festations of Anomalous left coronary artery from pul-
monary artery (ALCAPA), and thus one should keenly
look at the 2d anatomy and origin of the coronary
arteries whenever investigating an associated shunt
lesion2,3 (Fig. 5A and B).
9) Whenever investigating a shunt at multiple sites or an
associated lesion, onemust remember that the shunt flow
may be modified by the presence of distal obstruction and
also by the associated shunt.
- The associated post-tricuspid shunt may lead to exag-
gerated manifestations of a pretricuspid shunt lesions
(viz ASD). Thus RA and RVmay be unduly dilated even in
the presence of small ASD, with the associated presence
of post-tricuspid shunt (VSD or PDA) or associated
presence of mitral stenosis.planimetry of 0.7 cm2) (C). The another interesting hemodynam
sinus ASD leading to right to left shunting and hence systemic
contrast injection in left brachial artery (D and E). The injection
followed by right atrium and right ventricle (via coronary sinus
confirmed by computed tomography scan.- The associated aortic stenosis or coarctation of aorta
may exaggerate the shunt across the ventricular septal
defect.
10) The associated lesions being drained off by the shunt le-
sions may become masked and may manifest themselves
only after the shunt lesion is closed.
- Mitral stenosis may not manifest itself in the presence
of ASD (although it may exaggerate the shunt flow
across it) (Fig. 6AeF).
- The manifestations of significant mitral regurgitation
may get unmasked after ASD closure.4
- High LVedp may not only exaggerate ASD shunt, they
may manifest themselves as pulmonary edema after
ASD closure.
- VSD or PDA may mask the gradients across the aortic
stenosis or coarctaion of aorta and this may manifest
itself after the treatment of the underlying shunt
lesion.5
11) Systemic disorders and conditions may exaggerate or
confound the features and even echocardiographic fea-
tures of a shunt lesion.
- Anemia may exaggerate the gradients across any shunt
lesion or across valves. Anemia may lead to LV dilata-
tion thus confounding the assessment of associated
post-tricuspid shunt lesion.
- Systemic hypertension may not only lead to exagger-
ated shunt gradients, it may also lead to secondary
ventricular hypertrophy thus leading to high LVedps
and exaggerating ASD shunt.
- Hyperdynamic states such as fever, anemia, thyroid
disorders may exaggerate the shunt gradients.
Assessment of shunt lesions must be preceded by a
complete clinical information, chest X-ray and electro-
cardiogram. There would be a situation when information
gained by these investigations will lead to clinical decision
when echocardiographic findings are equivocal.ic aspect of the lesion was associated unroofed coronary
desaturation. This shunting was clearly demonstrated by
showed early filling of the left atrium and left ventricle (D)
ASD): (F). The draining of the LSVC to left atrium can be
Fig. 7 e 2d echocardiography with subcostal view showing
bicaval view with SVC and IVC rims and left to right shunt.
Fig. 9 e Apical 4 chamber view showing large ostium
primum ASD defect in lower part of the interatrial septum
marked by the arrow.
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Stepwise approach (on echocardiography) for evaluation of
any shunt lesion involves:
1) Determine the presence of shunt lesion
2) Determine the volume overload (and complication) on ac-
count of the shunt lesion
3) Defining the size of the lesion and its location
4) Define the lesion on echocardiography for operability
5) If suitable to decide the relevant modality of treatment
The essential approach to any lesion should not be directed
at the shunt lesion, rather it should be a standardized
sequential analysis, as it is not the shunt lesion in isolation
that exist and one needs to evaluate all the structural heartFig. 8 e 2d echocardiography with color comparison showing th
the SVC over the defect with partial anomalous pulmonary venodefects. A few salient features of the important shunt
lesionseASD, VSD, PDA and AP window are illustrated below
Table 1.
1.1.1. Step 1: suspect the shunt lesion
Visualization of an accessory flow into the chamber
Any shunt lesion will lead to the chamber enlargement into
which it drains
Tricuspid valve an important landmark
 A pretricuspid shunt would lead to right atrium and right
ventricular chamber enlargemente SVC type of sinus venosus ASD. There is overlapping of
us drainage of right upper pulmonary vein to SVC (PAPVC).
Fig. 10 e Transesophageal echocardiography at the level of
basal long axis view showing the characteristics of SVC
type of sinus venosus ASD. There is clearly a defect with
overlying of the SVC over the defect. At times slight
retroflexion of the probe may profile the defect well.
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ventricular enlargement
1.1.2. Step 2: a recall of the shunt lesions
Pretricuspid shunts: atrial septal defect (ASD), interatrial
communication, anomalous pulmonary venous drainage,
systemic AV fistulae, Ruptured sinus of Valsalva to right
atrium, Coronary AV fistulae to right atrium, Gerbode defect
(left ventricle to right atrial shunt)
Post-tricuspid shunt: Ventricular septal defect (VSD)
Table 2, aortopulmonary window (APW), Patent ductus arte-
riosus (PDA) Table 3, pulmonary AV fistulae, coronary AVFig. 11 e 2d echocardiography with subcostal sagittal view sho
drainage with right to left shunt across atrial septal defect.fistulae and RSOV to any structure beyond tricuspid valve,
aorta e LV tunnel, aortopulmonary collaterals
1.1.3. Step 3: critically see the chamber enlargement
The enlargement of the innominate vein and superior vena
cava (SVC) will point toward a flow into the SVC
Enlargement of the isolated SVC in the absence of innom-
inate vein dilatationwill point toward a shunt in SVC or an AV
malformation draining to SVC2. Atrial septal defects (Table 1)
2.1. Objectives on echocardiography
1. To diagnose atrial septal defect, asses its anatomical site
and size.6e8
2. To assess the direction and quantum of flow.
3. To assess the degree of pulmonary arterial hypertension.
4. To assess atrioventricular valve anomalies, pulmonary
veins and pulmonary valve stenosis.2.2. ASD classification
Defects of atrial septum are classified into: a. patent foramen
ovale (PFO), b. fossa ovalis atrial septal defect (Fig. 7), c. sinus
venosus defect (Fig. 8), d. Coronary sinus atrial septa defect
(Fig. 6A, DeF), e. ostium primum atrial septal defect (Fig. 9).2.3. Evaluation on echocardiography
The abnormal interventricular septal motion and enlarged
right atrium and ventricle are indirect evidence of left to right
shunt at atrial level.
 The best views to directly visualize the atrial septal defect
are subcostal coronal and sagittal views.wing the case of total anomalous pulmonary venous
Fig. 12 e Schematic diagram of the interventricular septum
with removed RV cavity from the RV side. Various part of
the septum are profiled: blue (muscular septum) this forms
the region of the muscular VSD. The muscular septum can
further be classified with respect to the muscular
moderator and septal band. Yellow region signifies the
perimembranous region, purple color signifies the inlet
septum and green color the outlet septum.
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interatrial septum with flow across the defect on Doppler
interrogation.
 When the defect is visualized its relationship to the SVC and
inferior vena Cava (IVC) should be evaluated. If the SVC
forms the roof of the defect, the defect is SVC sinus venous
type. If the IVC straddles the defect, it is IVC type. The de-
fects in the center of the atrial septum involving the fossa
ovalis area are fossa ovalis defects. The defect in the lowerFig. 13 e 2d echocardiography with four chamber view with an
restricted by septal leaflet of the tricuspid valve in 2d (A) and cmost part of the interatrial septum with atrioventricular
valves attached at the same level are designated as ostium
primum defects.
 It should also be viewed in apical four chamber and short
axis views.
 The four chamber view will also show the attachments of
the atrioventricular valves. Thesewill be at the same level in
ostium primum defect.
 The color flow mapping across the defect will show the
direction of flow and also presence or absence of any
regurgitation.
 Doppler velocities across all valves should be taken, in
particular the pulmonary valve to look for any pulmonary
stenosis.
False positive and false negatives
 Apical four chamber views are notorious in giving false echo
dropouts and false positive impression of a defect.
 Apical four chamber view can completely miss an SVC type
defect because of its very superior location. Trans-
esophageal echo will resolve this issue (Fig. 10).
 Hugely dilated coronary sinus (as in coronary sinus TAPVC)
has been mistaken for ostium primum ASD in inexperi-
enced hands because of its very posterior location.
 The inflow velocities of the AV valves should be seen to rule
out any mitral valve obstruction. The associated mitral
obstruction may get missed unless specifically seen on 2
dimensional echocardiography, as there may not be signif-
icant gradient across the mitral valve even with significant
obstruction because of associated ASD (true for all Lutem-
bacher cases) (Fig. 6 AeF).
 All pulmonary veins should be specifically imaged to see if
they are abnormally connected or not and to look for any
pulmonary vein stenosis. The pulmonary veins are best
seen in subcostal coronal and sagittal, apical four chamber
and short axis and suprasternal short axis views.terior tilt showing the perimembranous VSD defect getting
olor Doppler (B).
Fig. 14 e 2d echocardiography with subcostal coronal view with anterior tilt with opening of the aortic outflow showing the
outlet muscular VSD with left to right shunt in 2d (14A) and color mapping (B).
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Dominant shunt occurs from left to right. Left to right shunt
occursmainly duringmid to late systole as ‘v’ wave of left atria
is larger than right atria (Fig. 7).8e11 The second wave of left to
right shunt occur with atrial contraction. The following
pattern of shunting can be appreciated in patient of ASD.
1) Left to right shunt: In associated ASD without pulmonary
artery hypertension (PAH) this is a commonest pattern of
shunting. Onset of atrial fibrillation even in absence of PAH
can cause bidirectional shunt.
2) Right to left shunt: In ASD right to left shuntingwill occur in
following situation (Fig. 11):
a) Severe PAH.
b) Hypoplasia of right sided chambers which may rarely
be isolated but more often as a part of more complex
anomalies.Fig. 15 e 2d echocardiography with parasternal long axis view
VSD with left to right shunt in 2d (A) and color mapping (B).c) Severe pulmonary stenosis with right ventricular hy-
pertrophy or hypertension.
d) Obligatory right to left shunt even in absence of sig-
nificant PAH is seen in tricuspid atresia, TAPVC.
3) Bidirectional shunting across atrial septal defect is seen
most commonly during the stage of progression of PAH
For the estimation of pulmonary arterial pressure the peak
gradient of tricuspid regurgitation should be taken. If pulmo-
nary regurgitation is present the pressure derived from the
peak diastolic velocity will reflect the pulmonary arterial
mean pressure.
3.1. Calculation of shunt in ASD
Because of its fallacy calculation of shunts by echocardiogra-
phy is rarely practiced. More often quantitative assessment of
significant shunt is assessed by its impact on right atrial or
right ventricular chamber size. Thus a “significant” shunt isshowing the apical muscular type of trabecular muscular
Fig. 16 e 2d echocardiography with parasternal long axis view showing the doubly committed VSD with left to right shunt
in 2d (A) and color flow mapping (B).
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disadvantage of this visual assessment is that progressive
enlargement of RA and RV can occur with increasing pulmo-
nary artery pressures. Thus hugely dilated right atrium and
ventricle will persist evenwith Eisenmenger statewhere there
is only right to left shunt. Diagnostic cardiac catheterization inFig. 17 e 2d echocardiography shows in 4 chamber view
shows the large inlet VSD getting partially restricted by
septal leaflet of tricuspid valve. Such partial closure of VSD
is more commonly a feature of perimembranous VSD and
is very rarely seen in the inlet VSD as in the present case.atrial septal defects is indicated when required to measure
pulmonary artery pressures or to evaluate pulmonary
vascular resistance.
3.2. Evaluation of atrial septum by transesophageal
echocardiography (Fig. 4AeD)
Views, which are most useful for evaluation of atrial septal
defect on TEE,6,7,10 are
a. Basal short axis view, b. bicaval or basal long axis view,
c. Four chamber view.
3.2.1. Basal short axis view
 Obtained by keeping the endoscope at the middle part of
esophagus.
 The aortic and atrial rims can be best seen in this view.
 The fossa ovalis defect is seen inmiddle part of defect while
sinus venosus defect is seen in the upper part of defect.
3.2.2. Basal long axis or bicaval view
 Endoscope at the same level and rotating the icon to 80e1000.
 Fossa ovalis defect is seen in middle part of septum, while
sinus venosus defect is seen in relation to superior vena
cava with superior vena cava type of defect or in relation to
inferior vena cava with inferior vena cava type of defect
along with partial anomalous venous drainage of pulmo-
nary vein.
 SVC and IVC rims can be accurately assessed in this view.
3.2.3. Four-chamber view
 Obtained by keeping the endoscope at the lower part of
esophagus.
i n d i a n h e a r t j o u rn a l 6 5 ( 2 0 1 3 ) 2 0 1e2 1 8 211 Atrial and atrioventricular valve rims of fossa ovalis defect
are visualized and volume overloaded right atrium and right
ventricle.
 By rotating the endoscope we can see the attachment of
right and left pulmonary veins to left atrium.4. Ventricular septal defect (Table 2)
4.1. Objectives of echocardiography
 Confirm ventricular septal defect (VSD).
 Determine the size and morphological location of VSDs.
 Rule out associated lesions.
 Assessment of chamber size and wall thickness.
 Estimation of shunt size (pulmonary/systemic flow ratio).
 Estimate right ventricular and pulmonary arterial pressures.
4.2. Classification of VSD (Fig. 12)
Ventricular septal defects can be classified into following
types12,13: a e perimembranous ventricular septal defect
(Figs. 13 and 18), b e muscular ventricular septal defectFig. 18 e 2d echocardiography with various view shows the pro
perimembranous defect with anterior tilt in subcostal coronal v
parasternal short axis view shows the location of the perimem
shows the location of the perimembranous VSD with slight pos
mapping (C2).(Figs. 14 and 15): i. muscular inlet, ii. muscular outlet (Fig. 14),
iii. trabecular defect (Fig. 15), c e doubly committed ventric-
ular septal defect (Figs. 16 and 19), d e inlet ventricular septal
defect (Fig. 17).4.3. Size of ventricular septal defect
The judgment of size of defect is generally made on hemo-
dynamic grounds (degree of left to right shunt, presence of
volume overload, and pulmonary artery pressure).
Comparative size: According to some authors a VSD size is
defined in relation to aortic root size. Small ventricular septal
defect are defined if less than 1/3rd of aortic root diameter, 1/
3rd to 2/3rd of aortic root diameter considered as moderate
sized defect, and the lesions that are approximate to the size
of aortic root are defined as large VSD. The disadvantage of the
method of classifying defects is that some defects which are
anatomically large can be restricted in terms of shunt and
pressure because of reduction in size by tricuspid valve or
aortic valve.
Hemodynamic classification uses the pressure differential
across the left to right ventricle to classify defects. With iso-
lated defects, when there is equalization of pressure betweenfilation of perimembranous VSD. A: shows the
iew with anterior tilt showing the defect. B: shows the
branous defect from 9 o’clock to 11 o’clock position, C1:
terior tilt toward the tricuspid valve in 2d and color flow
Fig. 19 e 2d echocardiography with parasternal long axis
view shows the doubly committed VSD getting restricted
with right coronary cusp of the aortic valve with significant
prolapse of the right coronary cusp. Though such prolapse
may significantly decrease the left to right shunting and
hence volume overload, it by itself because of the
significant prolapse is an indication of surgery to prevent
the damage to the aortic valve.
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called as large or nonrestrictive defect. Since right and left
ventricles do not contract exactly simultaneously, there is
always some inequality in the ventricular pressures as esti-
mated by Doppler technique since it measures instantaneous
pressure difference. A restrictive defect is one in which right
ventricular and pulmonary artery pressures are lower than
left ventricle with pressure gradient of more than 60 mmHg
(ventricular septal defect peak velocity more than 4 m/s), and
moderately restrictive ventricular septal defect with pressure
difference of 25e60 mmHg (ventricular septal defect peak
velocity 2.5e4 m/s).
The VSD may be associated with anterior or posterior
malalignment and these VSDs in the region of the perimem-
branous area are generally large VSDs. Those with anterior
malalignment may be associated with narrowing of the
anterior outflow tract (generally pulmonary) as in Tetralogy of
Fallot. Those VSDs associated with posterior malalignment
are associated with narrowing of the posterior outflow
(generally aorta) (Fig. 20 AeC).
4.4. Patterns of shunting across VSD
 Nonrestrictive ventricular septal defect with high pulmo-
nary vascular resistance, direction of flow can be bi-
directional or dominantly right to left depending upon the
severity of pulmonary vascular obstructive disease.
 With associated pulmonary stenosis, there may be isolated
right to left shunt depending upon the severity ofpulmonary stenosis. With severe right ventricular outflow
obstruction, if ventricular septal defect is small, one can get
a turbulent jet of right to left shunt with suprasystemic right
ventricle systolic pressure (Fig. 21).
 With the use of color flow mapping with careful interro-
gation, one should also look for any left ventricle to right
atrial shunt as high velocity of left ventricle to right atrial
jet can be misinterpreted as elevated right ventricle pres-
sure. This can happen particularly with ventricular septal
defect which are getting smaller by septal leaflet of
tricuspid valve.4.5. Direction of shunt
 With isolated uncomplicated nonrestrictive VSD, pressure
between the two ventricles is similar.
 In patients with low pulmonary vascular resistance, domi-
nant shunt occurs from left to right during systole, and with
increase in left ventricle end diastolic pressure left to right
shunt will persist during diastole also.
 A typical ‘M’ shaped flow pattern is being described in
patients with nonrestrictive VSD, explanation for which ise
as left ventricle contraction starts early and last longer than
right ventricle, so with onset of systole flow occur from left
to right, with decrease in degree of shunt duringmid systole
as pressure between two ventricles equalized, and in later
part of systole as right ventricle relaxes left to right shunt
dominates.
 With restrictive VSD, left to right shunting occurs
throughout systole. In some small muscular VSD, left to
right shunt occurs only during a portion of systole, pre-
sumably because of closure of muscular ventricular septal
defect in mid systole with ventricular contraction. Bidirec-
tional or right to left shunting can occur with restrictive and
nonrestrictive VSD as described earlier.4.6. Continuous and pulsed wave Doppler examination
Pulsed and continuous wave Doppler examination is used to
assess14e16:
- Direction of shunt across VSD.
- Pressure gradient across the defect (difference of left ven-
tricleeright ventricle systolic pressure).
- Right ventricle pressure (by VSD gradient and peak gradient
of tricuspid regurgitation jet).
- Diastolic function of both ventricles.4.7. Pressure gradient across ventricular septal defect
(Fig. 3b)
 While taking continuous wave Doppler across VSD, the
cursor should be well aligned with VSD jet on color flow
mapping.
 The velocity of the VSD shunt can be determined using the
Bernoulli’s equation. This will give the difference between
the left and right ventricular systolic pressure.
 The left ventricular systolic pressure is derived from the
systolic blood pressure (provided there is no left ventricular
Fig. 20 e A and B shows a large malaligned ventricular septal defect with anterior malalignment of the septum leading to
associated pulmonary stenosis profiled in parasternal long axis view (A) and subcostal view (B). C shows the large
malaligned VSD with anterior malalignment leading to subaortic narrowing profiled in parasternal long axis view.
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of Doppler study using appropriate sized BP cuffs.
 Right ventricular pressure ¼ Systolic blood pressure VSD jet
peak gradient
This equation has been found to have good correlation
with cardiac catheterization derived right ventricle systolic
pressure.
 However, sometimes the jet velocity may not reflect the
interventricular pressure gradient accurately because
proper alignment of the Doppler beam with the jet is not
possible, and that if the defect has some length to it, the
viscous frictional forces make the application of the modi-
fied Bernoulli’s equation inappropriate.
 Determining the right ventricular pressure from tricuspid
insufficiency jet velocity (which may be found in some
cases) is also very useful.Fig. 21 e 2d echocardiography with parasternal long axis
view of a case of doubly committed VSD in a 25-year-old
man with Eisenmenger syndrome showing significant
right to left shunt. The LV dimensions were normal in the
present case with Z score of 1.1.4.8. M mode echocardiography (Fig. 22)
 Assess the left atrial and left ventricular size to quantitate
shunt across ventricular septal defect.
 Right ventricular size and wall thickness, which will reflect,
elevated right ventricular systolic pressure.
 For direction of shunt, this is rarely used in daily practice but
depicts best the direction of shunting during the various
phases of a cardiac cycle.
4.9. Interrogation of the atrioventricular and semilunar
valves for regurgitation and stenosis
 The tricuspid regurgitation velocity should always be ob-
tained to predict the right ventricular systolic pressure and
hence indirectly the pulmonary artery pressure if there is no
pulmonary stenosis.
 Presence of pulmonary stenosis, and aortic regurgitation
should be evaluated.Fig. 22 eMmode echocardiographic evaluation of a case of
VSD taken in parasternal long axis view. The LV end
diastolic dimensions (LVIDd) is compared to expected for
the weight of the child and a dilated LV with Z score of
more than 2 signifies significant left to right shunt (>2:1)
and hence an indication for intervention.
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valves should be taken to rule out any associated abnor-
mality. The mitral valve gradients may get exaggerated in
the presence of VSD (Fig. 23).4.10. Pulmonary blood flow to systemic blood flow ratio
As regards quantifying pulmonary and systemic shunt flow
using Doppler echocardiography several methods currently
exists, although none is widely used due to variable
results.4.11. Assessment of suitability for device closure
Percutaneous closure for mid muscular VSD and perimem-
branous VSD can be done.While assessing the child for device
closure of muscular defect, the defect should be at least 5 mm
away from atrioventricular valves and semilunar valves and
there should not be associated other defects requiring car-
diopulmonary bypass. The softer variety of ADOII series can
be used to close the defects in perimembranous region
(particularly in a defect with good aneurysm) and also in
muscular VSD.4.12. Utility of transesophageal echocardiography
Transesophageal echocardiography has helped in better
visualization of VSD, especially when transthoracic window
is poor, like in adolescents and adults. Straddling and
overriding of the atrioventricular defect can be better
detected by transesophageal echocardiography.Fig. 23 e 2d echocardiography with color compare showing the w
valve in B. The turbulence in color flow mapping across the mit
the mitral valve because of the associated nonrestricted VSD ex5. Patent ductus arteriosus (PDA) (Table 3)
5.1. Objectives of echocardiography
 The presence of a duct
 Detailed definition of ductus
B Size of the duct
B Type of duct
 The hemodynamic significance of a duct
B Direction of shunt
B Pulmonary arterial pressure
B Quantification of shunt
 Associated defects
5.2. Method
Various views to define the ductus are as under17e20:
1) Ductal View (Fig. 24) e this uses the high parasternal win-
dow just beneath the left clavicle. After obtaining the short
axis cut of the great vessel visualizing the pulmonary artery
bifurcation the transducer is rotated anticlockwise in
gradualmotion. At one point the left pulmonary artery goes
away from view and the duct with adjacent descending
aorta opens. This view in neonates and infants also visu-
alizes the origin of the left subclavian artery. In patients
with associated coarctation the posterior shelf is also well
visualized.
2) Suprasternal view e
a) Suprasternal long axis view e This is the best view for
visualizing the vertical duct arising from the under-
surface of the transverse arch in patients with pul-
monary atresia. The origin of such ductii is well seenell open mitral valve in 2d (A) and turbulence across mitral
ral valve is essentially because of the increased flow across
tending from the perimembranous to the inlet septum.
Fig. 24 e 2d echocardiography with color flowmapping in a
high parasternal view (ductal view) showed the PDA with
left to right shunt across. There is a good ampulla of the
ductus with narrowing of the ductus before its insertion
into the pulmonary artery.
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required further anterior tilt. This is because of the
tortuous nature of such ductii. In patients with
discordant ventriculo-arterial connection (e.g. trans-
position of great vessels), the duct can be visualized
very well in its entire length in this view.
b) Suprasternal short axis view e this is the classical
short axis arch view and can visualize those rare ductii
which arises form the base of the left subclavian artery
and descends straight down to insert into the left
pulmonary artery. If aortic arch is right sided and the
patient has pulmonary stenosis physiology. The entire
length of the duct can be seen in one view because
unlike in those patients with vertical duct it does not
follow a tortuous course.
c) Modified ductal view e this a less well described view
to visualize the usual duct. It has the advantage of
visualizing the duct in its entire length and most
closely mimics the lateral angiogram performed dur-
ing cardiac catheterization. From the usual supra-
sternal long axis view the transducer is rotated
anticlockwise. A slight anterior tilt then shows the
duct from its ampullary part to its insertion and ac-
curate measurements can be made.
5.3. Measurements of the duct
Various measurements on the duct by echocardiography
include:
a) Size of the narrowest part of the duct e in the majority of
cases this would be at the site of pulmonary arteryinsertion. In the usual duct, this can be accurately
measured in the ductal view or the modified arch view.
b) Size of the ampulla of ducte it can be bestmeasured in the
modified ductal view.
c) The length of the duct that is necessary to determine ad-
equacy of coil/device/stent placement and also the need
for evaluation for ADOII series of PDA devices. It is again
best determined by the modified ductal view.
In patients with inadequate windows, the size of the duct
can be determined by the narrowest width of the color flow
across the duct. This, however, always overestimates the
ductal size and gives only a rough estimate.
5.4. Hemodynamic significance
Hemodynamic significance of ductus arteriosus can be
assessed by evidence of volume overload of LA and LV, di-
rection of shunt, and pulmonary arterial pressure.
Chamber dimensions:
 Left atrial enlargement signifies increased pulmonary
venous return because of left-to-right ductal shunting.
 The referencemeasure is the ratio of the left atria to aorta
at the level of the aortic valve (the LA: Ao ratio) byMmode
echocardiography in parasternal long axis view.
 The aortic root does not enlarge significantly with even
extremely large patent ductus arteriosus.
 A LA: Ao ratio >1.3:1 indicates a significant shunt.
 LV will enlarge as cardiac output increases with both
increased pulmonary venous return and with increased
diastolic run-off from the systemic circulation.
5.5. Direction of shunt and pulmonary arterial pressure
 On color flow mapping, small duct with normal pulmonary
artery pressure is displayed as a mosaic flow from
descending aorta to pulmonary artery. With large duct, and
low pulmonary vascular resistance, the duct jet appears as
predominantly red flow with minimal aliasing.
 In patients with severe pulmonary arterial hypertension, on
color flow mapping, there will be bidirectional shunt.
 With suprasystemic pulmonary artery pressure as in
obstructed total anomalous pulmonary venous connection
a restrictive duct will show turbulent high velocity right to
left flow in systole and diastole in the descending aorta. This
can give signals very similar to coarctation of aorta.
5.6. Continuous wave Doppler examination of ductus
arteriosus (Fig. 3A)
By the use of continuous wave Doppler, direction of shunt in
relation to cardiac cycle and pulmonary arterial pressure
(systolic blood pressure minus pressure gradient cross
duct ¼ systolic pulmonary arterial pressure) can be detected
accurately.
 With isolated left to right shunt, with small to moderate
sized patent ductus arteriosus and normal or mildly
elevated pulmonary artery pressure, Doppler examination
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peak in late systole.
 In large duct with pulmonary arterial hypertension, there
will be bi-directional shunting on Doppler imaging of duct,
right to left in systole and left to right in diastole.
 With increasing pulmonary vascular resistance as with no
step up in oxygen saturation above and below the duct, peak
of right to left shunt appear early in systole.
 With further rise in pulmonary vascular resistance, right to
left shunt begins in diastole extending to systole and right to
left shunt if present occurs only in late systole to early
diastole.
 With duct dependent systemic circulation and severe pul-
monary arterial hypertension, there will be isolated right to
left shunting across the duct.
5.7. Limitations of echocardiographic imaging of the
duct
There are several limitations of profilation of duct by two-
dimensional imaging
1) The primary limitation of echocardiography is the restric-
tion imposed by limited acoustic windows. The duct is
profiled in the direction of lateral resolution of the trans-
ducer, so it is difficult to visualize with certainty very small
duct in small babies. High frequency probe with excellent
lateral resolution is needed.
2) If the duct is long and tortuous, it may be difficult to profile
whole length of the duct
3) Poor acoustic windows as in adults with thick chest.6. Aortopulmonary window (Fig. 25)
Aortopulmonary window or aortopulmonary septal defect
accounts for 0.2e0.6% of patients with congenital heartFig. 25 e 2d echocardiography with color comparison in paraste
color Doppler (B).defects. Nearly half of all patients have associated cardiac
lesions, including aortic origin of the right pulmonary artery,
type A interruption of the aortic arch, Tetralogy of Fallot, and
anomalous origin of the right or left coronary artery from the
pulmonary artery and right aortic arch. More rarely, it is
associated with ventricular septal defect, pulmonary or aortic
atresia, D-transposition, and tricuspid atresia
Objectives of echocardiography
 Diagnosis
 Type of aortopulmonary window
 Associated heart defects
 Operability
Two-dimensional echocardiography usually can accu-
rately diagnose the aortopulmonary septal defect.
 Views, which are most useful for diagnosis, are parasternal
short axis at the level of great vessels, subcostal coronal
view of left ventricular outflow tract and the suprasternal
views.
 In all these views, the wall separating aorta and pulmonary
artery is aligned in the direction of lateral resolution, so
great care is needed to differentiate true defect from arti-
factual dropout. A ‘T’ artifact at the edges of the defect will
distinguish it from normal dropout.
Color flow mapping: Color flow mapping is used to
demonstrate flow through the defect.
 With large defect, which is usually the case, the flow appear
laminar, low velocity, bidirectional flow across the defect.
 Smaller defect, a continuous high velocity left to right jet is
usually present.
 With low pulmonary vascular resistance, evidence of aortic
run-off can be detected in ascending and descending aorta
in contrast to patent ductus arteriosus.rnal short axis view showing a large AP widow in 2d (A)and
Fig. 26 e 2d echocardiography with color mapping comparison showing the Gerbode defect with left to right shunt.
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The lesions such as Gerbode defect suggest LV to RA shunt and
essentially lead to volume overload of the RA and the RV.
 In such cases the RA dimensions and features of right atrial
volume overload need to be looked at. The features are
essentially same as that of the atrial septal defect.
 The point to remember is that the pressure difference across
tricuspid valve taken in these circumstances may beFig. 27 e 2d echocardiography with color flow comparison in par
to right shunt.fallacious as one may pick up the left ventricle to RA
gradient which will be systemic (mistaking it to be that of
the tricuspid velocity signal).
The shunt lesions such as pulmonary AV fistulas and
coronary AV fistulas and systemic AV fistulas are not spe-
cifically covered in the present section. For the purpose of
completion, they will represent the left to right shunt and
would lead to the chamber enlargement of the chamber into
which they drain.asternal short axis view shows the Gerbode defect with left
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